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19 X-RAY POWDER DIFFRACTOMETER (XRD)

19.1 Overview

The QC checks will be performed prior to using the instrument for casework. A sample log will be maintained 
that includes at a minimum the date, initials of the examiner, the FS Lab# or other identifying information. 
Another log will be maintained that includes any maintenance performed, calibration check data, the date, and 
initials of the examiners. 

19.2 Day-of-Use QC

19.2.1 An alumina standard (NIST reference standard) is run on the day of use prior to case work. If the 
Alumina Peak Check has been previously performed during the given calendar month, the Alumina Peak 
Check does not need to be redone. The intensity in counts per second and the d-spacings are recorded at 
generator settings of 45 kV and 40 mA for the 43.35 and 76.86 peaks. The values obtained at these two 
angles must fall within 0.03 of these stated values for the instrument to be used in casework. If values fall 
outside this range, do not use the instrument for casework. Call a service technician. When intensity 
values for the 43.35 peak and the 76.86 peak fall below 1400 counts per second and 850 counts per 
second respectively, the x-ray tube must be replaced. 

19.2.2 A silicon dioxide (SiO2) reference is run on the day of use prior to case work. The intensity in counts per 
second and the d-spacings are recorded at generator settings of 45 kV and 40 mA for the 26.63 peak in 
SiO2. The value obtained at this angle must fall within 0.03 minutes of the stated value for the instrument 
to be used in case work. If values fall outside this range, do not use the instrument for casework. Call a 
service technician. The intensity in counts per second is compared to the values previously recorded for 
each recent day of use. If the operator notes a sudden decrease in intensity or questions these comparative 
values, the alumina standard should be run.

19.2.3 Resolution is checked by running a silicon dioxide (SiO2) reference at generator settings of 45kV and 
40mA. Enhancement of the 67o - 69o range of the SiO2 pattern should reveal five distinguishable peaks. If 
five distinguishable peaks are obtained, then a check mark is placed in the appropriate column on the log 
sheet. If the five peaks are not distinguishable, do not use the instrument for casework. Call a service 
technician.

19.3 Instrument Conditions

19.3.1 The standard method with instrument conditions and settings is:

Panalytical Empyrean
Goniometer: Theta/Theta
Generator: Spellman
X-ray tube: Cu
Used radiation: K-Alpha
Detector: X’Celerator

Measurement program: Explosives

Start angle (o2Theta): 5
End angle (o2Theta): 75
Step size (o2Theta): 0.0083556
Time per step(s): 1.905
Generator kV: 45.0
Generator mA: 40.0

19.3.2 An XRD Conditions Sheet denoting any modification(s) is required for case files in which the above 
standard method was not used. 
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20 REPORTING GUIDELINES 

20.1 Overview

Report (CoA) wording examples are included in the individual sections of this manual. However, given the 
diversity of evidence and requests considered by Trace Evidence these generally provide a framework to follow. 
The information herein is applicable to all Trace Evidence subdisciplines and examinations. 

20.2 Reported Item descriptions shall be consistent with the submitting agency’s description unless it requires 
clarification, correction, is too long, or has been reported previously. Item descriptions shall be identical in all 
reports within a single case file.

20.2.1 Clarification may be necessary to ensure the unambiguous interpretation of report results. For 
example, right/left vehicle sides may be replaced with driver/passenger sides.

20.2.2 Item descriptions for primer residue kits are generally formatted as “One (1) primer residue kit from 
{name/source}”.

20.2.3 For clarification, Item descriptions for control cans submitted with ignitable liquid evidence may be 
described as “Control can”.

20.2.4 Pursuant to QM ¶ 14.6.7.1, when there is a significant difference between the Item submitted for 
testing and the description provided by the customer, customer consultation with further instructions 
is required before proceeding with analysis. Given the nature of Trace Evidence and the condition of 
evidentiary samples (trace amount, fragility, presence of damage, etc.), there are instances where the 
Item description differs from the evidence submitted. Examples: 

RFLE Description Evidence as Determined by Analysis
Hair A fiber or plant material
Black paint Dark blue paint
Specific color/type of smear Differs in color and/or material
Number of broken pieces Number is less or more due to breakage, packaging, etc.

Differences that require expertise or instrumentation (including, but not limited to, magnification and 
optimal lighting conditions) to distinguish, do not require consultation with the customer prior to 
proceeding with analysis. 

20.3 When drafting report wording for evidence types not listed or when specific examples do not appear for a 
particular type of evidence, look first to existing wording in the other sections that may be applied to the current 
situation.

20.4 Reports may not use non-specific terms (e.g., “consistent with”, “similar to”, “indicative of”, or “characteristic 
of”) without qualification (to include, for example, “physically and chemically indicative of…”) or stating shared 
properties.

20.5 The laboratory analysis conducted and/or instrumentation used for examination will be included in the report. This 
information may be summarized and will appear only once if all items are examined using the same methods 
and/or instrumentation. Otherwise, mention those used for each item separately.

Item _____ was examined visually and using [stereomicroscopy, polarized light*, polarized light 
microscopy (PLM), compound microscopy, comparison microscopy, fluorescence microscopy, a pH meter, 
a balance, a digital caliper, an ignition test, a multimeter, microchemical tests, ultraviolet light (UV), 
Microspectrophotometry (MSP), Fourier Transform Infrared Spectrophotometry (FTIR), Gas 
Chromatography (GC), Gas Chromatography-Mass Spectrometry (GC-MS), Ion Chromatography (IC), X-
Ray Diffraction (XRD), Scanning Electron Microscopy-Energy Dispersive X-Ray Spectrometry (SEM-
EDS), and Glass Refractive Index Measurement System (GRIM3)].
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20.5.1 “Polarized light” is appropriate for inclusion for usage of a polarizing stereomicrosope, a polarizing ring 
light attachment on a stereomicroscope, and/or polarizing films. 

20.6 See the Quality Manual ¶ 16.2.13 – 16.2.14 for report wording specific to terminations, evidence disposition 
statements, and dates of testing.

20.6.1 The method deviation/addition/exclusion administrative statement (QM ¶ 16.2.14) is not required for 
report wording or control can deviations. 

20.7 Circumstances or the condition of Items that affect the results of testing shall be included in the report.

20.7.1 Fire Debris examples: 

20.7.1.1 Pinholes due to rust were present in the metal can containing Item 1; therefore, it was not 
airtight prior to testing. It should be noted that ignitable liquids are volatile, and airtight 
packaging is required to prevent loss.

20.7.1.2 The packaging containing Item 1 was not airtight. It should be noted that ignitable liquids are 
volatile and airtight packaging is required to prevent loss. 

20.7.1.3 Item 1 contained mold. Mold is known to cause degradation of ignitable liquids over time.

OR 

Item 1 contained mold which is known to cause degradation of ignitable liquids over time.

20.7.1.4 Item 2 contained soil. Degradation of ignitable liquids is known to occur in soil over time.

OR

Item 2 contained soil, in which degradation of ignitable liquids is known to occur over time.

20.7.1.5 The Item 1 extract contained gasoline with indications of degradation. Item 1 contained soil. 
Degradation of ignitable liquids is known to occur in soil over time.

20.7.2 Paint example: It should be noted that the recovery of paint particles may have been impacted due to the 
condition of the Item 5 shorts (e.g., wet, presence of biological material and apparent mold).

20.7.3 SEM-EDS example: The Item 3 samples were carbon coated prior to analysis due to debris noted on the 
surface.

20.8 If based on the analysis of one or more items, the remaining items will not be analyzed use:

20.8.1 Based on the above results, Items _____ and _____ were not analyzed.

20.8.2 Based on the above results, no further analysis was conducted on Item _____.

20.9 For Comparisons:

20.9.1 For disassociations, the reason for elimination (differences in color, physical properties, optical 
properties, chemical properties, chemical composition, fluorescence, etc.) shall be included in the 
conclusion.

20.9.1.1 Based on the particles examined, the particles removed from Item _ could not be associated 
with the Item _ particles due to differences in (list the appropriate properties) 
(Exclusion/Elimination).
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20.9.1.2 Item _____ could not be associated with Item _____ due to differences in (list the appropriate 
properties) (Exclusion/Elimination).

20.9.2 When comparisons result in an inability to either associate or disassociate the Items, an Inconclusive 
conclusion is appropriate. The reason(s) causing an inconclusive result shall be explained. 

20.9.2.1 Although there are some similarities between Items 1 and 2, the (size, quantity, or condition) of 
Item 1 prohibited the complete comparison of optical or chemical properties. Therefore, no 
meaningful conclusion can be reached (Inconclusive). 

20.9.2.2 Item 2 (questioned) and the Item 3 (known) possess similar characteristics but also exhibit 
some differences. It cannot be determined whether these differences were due to the condition 
of Item 2 or because Item 2 is from a different source other than Item 3. Therefore, based on 
the samples examined, no meaningful conclusion could be reached (Inconclusive).

20.9.3 When there is an association, the results of the comparison and an appropriate conclusion statement shall 
be reported. Additional explanation to justify the chosen level of the association shall also be included.

20.9.3.1 RESULTS: 

20.9.3.1.1 The use of the term “consistent” must be accompanied by what the materials were 
“consistent” in (e.g., physical properties, chemical properties). This term is 
generally used when there are no unexplainable differences in the testing 
conducted on the known and questioned samples.

20.9.3.1.2 It is recognized that there may be instances when, based on the data, the term 
“similar” may be more appropriately substituted for “consistent”. The reason for 
the use of the term “similar” in lieu of “consistent” must be explained in the report.

20.9.3.1.3 There may be an occasion when these terms are used in the same sentence.

20.9.3.2 CONCLUSIONS:

20.9.3.2.1 Based on the (materials) examined, it was concluded that the Item _____ 
originated from either the Item _____ or another source with the same physical 
and chemical properties.

20.9.3.2.2 Based on the Items examined, it was concluded that the Item 1 originated from 
either Item 2 or a different source manufactured in the same manner.

20.9.3.2.3 Based on the pieces examined, it was concluded that Item 1 originated from either 
the source represented by Item 2 or a different source manufactured in the same 
manner.

 
20.9.4 An association level will be assigned and the following “Terminology Key for Comparative 

Examinations” shall be present and appropriately formatted on the Certificate of Analysis above the 
“Dates of Testing”: 

TERMINOLOGY KEY FOR COMPARATIVE EXAMINATIONS: 
• Level I - Physical/Fracture Match: Physical Fit is reached when the items that have been broken, 

torn, or separated exhibit physical features that correspond/re-align in a manner that is not expected 
to be replicated.

• Level II - Association with Highly Discriminating Characteristics: An association in which 
items could not be differentiated based on the examinations conducted. Therefore, the possibility 
that the items came from the same source cannot be eliminated. Additionally, the items share 
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unusual characteristics that would rarely be expected to occur in the relevant population. This is the 
highest degree of association that can be determined in the absence of a Physical Fit.

• Level III - Association with Discriminating Characteristics: An association in which items 
could not be differentiated based on the examinations conducted. Therefore, the possibility that the 
items came from the same source cannot be eliminated. Other items have been manufactured or 
could occur in nature that would also be indistinguishable from the submitted items and could be 
encountered in the relevant population. The analytical techniques used in the analysis of these items 
can provide high levels of discrimination among natural and manufactured materials. This is 
considered a high degree of association. 

• Level IV - Association with Limitations: An association in which items could not be 
differentiated based on the examinations conducted. Therefore, the possibility that the items came 
from the same source cannot be eliminated. As compared to the categories above, this type of 
association has decreased evidential value. For example, the items are more commonly encountered 
in the relevant population, minor variations were observed, or a complete analysis was not 
performed due to limited characteristics or sample size. Minor variations, for certain types of 
examinations, could be due to factors such as contamination of the sample(s) or having a sample of 
insufficient size to adequately assess heterogeneity of the entity from which it was derived.

• Inconclusive: No conclusion could be reached regarding an association or an elimination between 
the items.

• Exclusion with Limitations: The item exhibits differences from the comparison sample that 
support that it did not originate from the source, as represented by the comparison sample. An 
Exclusion/Elimination conclusion was not reached due to limiting factors, such as possible natural 
or manufactured source variations.

• Exclusion/Elimination: The items exhibit differences that demonstrate the items did not originate 
from the same source. 

20.9.5 See section 5 for Physical Fit report wording. 

20.9.6 Generally, in instances where two or more associations are being reported (e.g., cross transfers or 
multiple transfers), each association and appropriate level should be reported separately. An additional 
“Combined Conclusion” may be included which considers the overall significance of transferred 
materials, however, this will not include an assigned level.

20.9.6.1 It is considered unlikely/remote/extremely remote that the interchange of or materials 
described above occurred in any manner other than the contact of these two objects.

20.9.6.2 Given the associations described above, it is considered unlikely/remote/extremely remote that 
Item ___ originated from any source other than the source represented by Item ___. 

20.9.6.3 Report Wording Example: 

Foreign red cotton fibers were recovered from the Item 3 paint sample. These red cotton fibers 
recovered from Item 3 were consistent with the red cotton fibers composing the Item 10 T-shirt 
in physical, chemical, and optical properties. Based on the fibers examined, it was concluded 
that these Item 3 red cotton fibers originated from either the Item 10 T-shirt or another source 
of fibers with the same physical, chemical, and optical properties (Level III – Association 
with Discriminating Characteristics). This type of conclusion was reached because other 
textiles like Item 10 were produced and fibers produced with the same properties (type, color, 
microscopic characteristics, etc.) from other sources would also be indistinguishable from these 
fibers. It should be noted that the techniques used in this comparative analysis can typically 
distinguish different fibers.

One multilayered black paint particle was recovered from the Item 10 clothing. This Item 10 
multilayered black paint particle and the Item 3 multilayered black paint were consistent in 
colors, textures, types, layer sequence, and chemical compositions. Based on the particles 
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examined, it was concluded that the paint particle recovered from Item 10 originated from 
either the source represented by Item 3 or different sources painted in the same manner (Level 
II – Association with Highly Discriminating Characteristics). This type of conclusion was 
reached because the multilayered black paints in Items 3 and 10 exhibited characteristics that 
are atypical of original equipment manufacturer (OEM) paints. Due to the presence of five 
automotive repaint layers, it is unlikely that even other vehicles produced at the same 
manufacturing plant in approximately the same time frame would also be indistinguishable. 
Furthermore, any other vehicles painted in the same distinctive manner would have to be 
damaged and missing paint in order to be considered viable sources of the questioned paint.

COMBINED CONCLUSION: 

It is considered remote that the interchange of fibers and paint described above occurred in any 
manner other than the contact of these two objects. 

20.10 References 

20.10.1 OSAC, Standard Practice for Interpretation and Report Writing in Forensic Comparison of Trace 
Materials: Draft Document 03/31/2020. 
<https://www.nist.gov/system/files/documents/2020/04/02/ChSAC-
Mat_Interpretation_Document_MARCH2020_0.pdf>
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21 QUALITY ASSURANCE

21.1 Introduction

21.1.1 The purpose of this section is to provide a uniform Quality Assurance (QA) Program for the Section for 
equipment and supplies that are not mentioned in previous sections. It is to establish a baseline or 
reference point of reliability and system performance.

21.1.2 TE examinations typically are comprised of identifications and/or comparisons between known and 
questioned samples. Certified reference materials are currently not available for most comparisons or 
identifications, therefore, commercially available products and reference materials are purchased as 
necessary.

21.1.2.1 Traceability has been established for certain measuring equipment including: balances, check 
weights, digital calipers, gauge blocks, and Eppendorf variable pipettes. These measuring 
devices shall be calibrated by an outside vendor that is accredited to ISO/IEC 17025 and 
whose scope of accreditation covers the calibration performed.

21.1.3 It is expected that the examiner will report any unacceptable or anomalous behavior of any analytical 
systems immediately to either their Section Supervisor or the individual primarily responsible for a 
particular instrument. It is further expected that appropriate measures which ensure resolution of the issue 
will be carried out ASAP and that these will be properly documented.

21.2 Balances

21.2.1 Balances shall be checked prior to use in casework, however, if the balance has been previously checked 
during the given month, the balance does not need to be re-checked. The calibration check is performed 
using calibrated, traceable check weights and is dependent upon the range of the balance. Record the 
weights in the Balance QC Log. 

21.2.1.1 Use the following check weights depending on balance class:

21.2.1.1.1  4-place analytical balance:

0.1000 (± 0.0003) gram
5.0000 (± 0.0005) gram
100.0000 (± 0.0010) gram

21.2.1.1.2  3-place toploading balance:

1.000 (± 0.002) gram
10.000 (± 0.005) gram
100.000 (± 0.005) gram

21.2.1.1.3  2-place toploading balance:

5.00 (± 0.02) grams
100.00 (± 0.03) gram
1000.00 (± 0.05) gram

21.2.1.2 The calibration check data is recorded on the Balance QC Log and is kept with each balance. 
The person performing the calibration check shall initial and date the form. 

21.2.1.3 If a result from the calibration check is outside of the acceptable range, ensure that the balance 
is level and free of debris, and recheck the balance a second time. 
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21.2.1.4 If a result is outside of the acceptable range after rechecking, the balance shall immediately be 
taken out of service until maintenance and/or calibration are performed by an approved 
vendor.

21.2.1.5 Weights used to check balance accuracy shall be re-certified every three years by an ISO/IEC 
17025 accredited vendor whose scope of accreditation covers the certification performed.

21.2.1.6 Balances shall be calibrated annually by an outside vendor that is accredited to ISO/IEC 
17025 and whose scope of accreditation covers the calibration performed. Record the service 
call on the Balance QC Log that is kept with each balance.

21.2.2 Service receipts and miscellaneous balance maintenance comments are retained with QA records that are 
kept with each balance.

21.2.3 An examiner may use a calibrated balance from another Section in the Department. The examiner’s case 
notes will reflect the identification of the balance and its location, for example: Controlled Substances 
(DX) Section, Sartorious, DFS XXX.

21.2.4 When recording weights obtained on a TE balance, the examiner shall record the weight to the 
readability of the balance. Weights shall not be rounded.

21.2.5 The Department has developed processes and collected data for the Uncertainty of Measurement program 
for the DX Section.

21.2.5.1 When reporting critical weights in a Certificate of Analysis, use a balance in the DX Section 
where the Uncertainty of Measurement (UoM) has already been determined. Complete an 
Instrument Support (IS) Request Form and arrange with an examiner in the DX Section to 
conduct the weighing. The TE examiner will retain custody of the evidence during the 
weighing process. Ensure that the identifying information for the balance and the determined 
weight(s) are recorded on the IS form by the DX examiner. In addition, the DX examiner 
shall complete the Controlled Substances Weighing Worksheet. The TE examiner shall 
include the Support Request Form and Weighing Worksheet in the case file and report UoM 
as described below. Refer to section 33 of the Controlled Substances Procedures Manual for 
UoM information and reporting requirements.

Reporting Example: 

Item 1 weighed 25.93 ± 0.05 grams. Measurement uncertainty of weight measurements is 
reported at a 95.45% level of confidence.

21.2.5.2 It is rare that critical weights would be necessary. An example is when the weight of 
explosive powders is necessary to be reported for a Federal prosecution.

21.3 Chemicals and Reagents

21.3.1 The minimum acceptable quality level of chemicals and reagents (non-critical) has been determined 
through experience and these appear in each applicable section of this manual. The supplier of these 
chemicals and reagents is any supplier that can provide the specified quality level that meets the criteria 
for the specific extraction or test. Generally speaking, pre-approved manufacturers/vendors/suppliers are: 
 Alltech Associates (Grace – Discovery Sciences)
 J.T. Baker
 Burdick & Jackson
 Fisher
 Mallinckrodt
 Sigma-Aldrich and its subsidiaries
 VWR
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 Government Scientific
 AccuStandard
 Cerilliant

21.3.1.1 The Section Supervisor, or in their absence the Chemistry Program Manager, will be 
responsible for approving the purchase of a chemical or reagent from a 
manufacturer/vendor/supplier that is not listed above.

21.3.2 Chemicals and solvents used in qualitative reagents should be of at least ACS reagent grade. 

21.3.3 Solvents used for extractions or to dissolve samples or standards or as standards should be a high quality, 
low residue solvent (e.g., HPLC grade, OMNISOLV, OPTIMA).

21.3.4 Water used in reagent preparation or as an extraction solvent should be either deionized (DI) or reverse 
osmosis (RO).

21.3.5 Composition of prepared quality assurance check mixtures including, but not limited to, PCS and OCS 
shall be documented.

21.3.6 All chemicals and commercial reagents are labeled when received with the date received and the initials 
of the individual receiving them, and again when opened. 

21.3.6.1 All chemicals and commercial reagents are placed onto an inventory list maintained either 
within the Section or within the laboratory. 

21.3.6.2 Working bottles of chemicals and commercial reagents will be labeled at a minimum with the 
name of the chemical or commercial reagent, the manufacturer and lot number and the date 
dispensed into the working bottle.

21.3.6.3 All chemicals and commercial reagents are replaced when they fail to perform adequately 
under controlled conditions. Chloroform, acetone, sulfuric acid, nitric acid, and hydrochloric 
acid dispensed into working bottles for microchemical tests will be replaced approximately 
every three months.

21.3.7 All bottles of stock reagents prepared in-house must be labeled with the identity of the reagent, the date 
of preparation and the initials of the person who prepared the reagent. Reagent bottles for individual use 
must be labeled with the identity of the reagent and the preparation date.

21.3.7.1 The TE Color Test Reagent Preparation Log shall be used to record reagent preparation. This 
will include the quality check as indicated to ensure that the reagent is functioning properly 
when it was prepared.

21.3.7.1.1 It is acceptable to make final volumes different from those indicated on a 
Preparation Log as long as the amount of each component is recorded. 

21.3.7.2 A stock bottle of reagent may continue to be used until the aliquoted reagent fails the quality 
check. If the quality check fails, it is the examiner’s responsibility to immediately dispose of 
the remaining reagent and to communicate this to all examiners with working bottles of the 
reagent. 

21.3.7.3 After the initial preparation, reagents will be checked at least once per each case analyzed. 
The results of the QC check are recorded in the case notes. Do not use the reagent if the 
quality check fails. A notation such as “QC ” is sufficient to document the reagent reacted 
as expected.

21.3.8 All other reagents used in non-routine examinations, such as general chemical type cases, are prepared as 
necessary and are tested with knowns and blanks, the results of which are recorded in the case file notes. 
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21.3.8.1 The Department Reagent Worksheet shall be used to record reagent preparation if the reagent 
will be retained for future use.

21.3.8.2 The Department Reagent Worksheet is not necessary for a single-use reagent.

21.3.9 Test strips are checked with appropriate standards and results are recorded in case notes. Test strips may 
continue to be used past their stated expiration date as long as the QC check is positive.

21.3.10 Storage Requirements

21.3.10.1 Store Silver Nitrate reagent in the dark or in an amber bottle.

21.3.11 Reagent Recipes for Routine Examinations

Aqueous Aniline Sulfate: Dissolve 5.0 g aniline sulfate in 100 ml deionized water. (Ref. 2)

Barium Chloride: Dissolve 5.0 g barium chloride in 100 ml deionized water (5% 
solution). (Ref.1)

Brucine: Dissolve 5.0 g brucine sulfate (brucine sulfate 7-hydrate) in 100 ml 
concentrated sulfuric acid. (Ref. 1)

Diphenylamine: Dissolve 0.68 g diphenylamine in 45 ml concentrated sulfuric acid. 
Place in ice bath and cautiously add 22.5 ml glacial acetic acid. (Ref. 6)

LeRosen: Mix 75 ml of concentrated sulfuric acid in 1.5 ml of 37% 
formaldehyde. (Ref. 3, pp.137)

1-Naphthol: Dissolve 15 g 1-naphthol in 100 ml of ethanol (Ref. 2)

Nessler’s: Dissolve 20 g potassium hydroxide in 50 ml deionized water. Dissolve 
10 g mercuric iodide and 5 g potassium iodide in 50 ml deionized 
water. Mix together. (Ref. 4)

2N Potassium Hydroxide: Dissolve 11.2 g potassium hydroxide in 100 mL methanol. 

Silver Nitrate: Dissolve 3.75 g silver nitrate in 75 ml deionized water. (Ref. 1)

Sodium Hydroxide: 2.0 N: Dissolve 6.0 g NaOH in 75 ml deionized water. (Ref. 4, pp. 57, 
64)

Saturated Sodium Hydroxide: Dissolve 10g NaOH in 100 ml deionized water (Ref. 2)

Sulfuric Acid (75%): Mix 56.25 ml concentrated sulfuric acid into 18.75 ml deionized water. 
(Ref. 7)

Triphenyl Selenium Chloride: Saturated solution in 60 ml deionized water. (Ref. 5, p.184)

21.3.12 Reagent Recipes for Non-Routine Examinations

Fehling’s: Dissolve 7.5 g cupric sulfate in 100 ml deionized water. Dissolve 35 g 
sodium tartrate and 25 g potassium hydroxide in 100 ml deionized 
water. Mix equal volumes of each solution. (Ref. 3, pp.131)
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Hypochlorite Ion Test Reagent: Dissolve 2.0 g phenol, 0.01 g sodium nitroprusside, and 1 g sodium 
hydroxide into 17 mL of deionized water. (Ref. 5, p. 336). 

Nitron: Dissolve 3.75 g nitron (diphenylenedianilohydrotriazole ) in 75 ml of 
88% formic acid. (Ref. 1)

Triphenyltetrazolium Chloride: Dissolve 0.38 g triphenyltetrazolium chloride in 75 ml deionized water. 
(Ref. 3, pp. 338)

21.3.13 References

21.3.13.1 Parker, R.G., Stephenson, M.O., McOwen, J.M, Cherolis, J.A., “Analysis of Explosives and 
Explosive Residues. Part 1: Chemical Tests”, Journal of Forensic Sciences, 1975, 20 (1), pp. 
133-140.

21.3.13.2 “Spot Tests, Systematic Analysis Of Low Explosives”, Bureau of Alcohol, Tobacco, and 
Firearms, Rev 6/88.

21.3.13.3 Anger, V., and Feigl, F. Spot Tests In Organic Analysis 7th ed., Elsevier Publishing 
Company: Amsterdam, The Netherlands, 1966.

21.3.13.4 Jungreis, Ervin; “Spot Test Analysis, Clinical, Environmental, Forensic, and Geochemical 
Applications”, Volume 75, 1985, pp.57-58.

21.3.13.5 Anger, V., and Feigl, F., Spot Tests in Inorganic Analysis, 6th ed., Elsevier Publishing 
Company: Amsterdam, The Netherlands, 1972.

21.3.13.6 Thornton, John I., “Forensic Paint Examination,” Forensic Science Handbook, Volume 1, 
Prentice-Hall, Inc., 1982, p.550.

21.3.13.7 Hall, David, “Practical Fiber Identification”, Textile Engineering Department, Auburn 
University, 1976, p.36.

21.4 Critical Supplies

21.4.1 Critical supplies used within the Section include carbon disulfide and pentane used for fire debris 
extractions and primer residue kits which are manufactured to DFS specifications and provided to law 
enforcement agencies throughout the Commonwealth.

21.4.2 Generally speaking, suppliers of carbon disulfide and pentane which have previously been checked and 
deemed to be acceptable are those which are used for future orders. Pre-approved 
manufacturers/vendors/suppliers are: Fisher, J.T. Baker, Burdick & Jackson, Mallinckrodt and VWR.

 
21.4.2.1 As a check, an appropriate amount of solvent from each lot is concentrated by evaporation 

and analyzed by GC-MS. The resulting data is maintained in an appropriate location within 
the Section. Do not use the solvent until this check is acceptable (no major interfering peaks 
in the region of interest). See Section 4.1.13 for more information regarding the quality 
checks.

21.4.3 Primer residue kits are only ordered through the company who has been awarded the contract for their 
manufacture. The tape used to prepare the kit sampling devices as well as the completed kits are checked 
prior to release for distribution. See Section 18.6.

21.4.4 Standards used for identification in casework are considered critical supplies and shall be purchased from 
manufacturers/vendors/suppliers approved by the Chemistry Program Manager.

21.4.4.1 The following manufacturers/vendors/suppliers are pre-approved:

UNCONTROLLED 
COPY 

COPYRIGHT © 2023 

VIRGINIA 
DEPARTMENT 

OF 
FORENSIC SCIENCE 



21 Quality Assurance

222-D100 Trace Evidence Procedures Manual Qualtrax ID: 3005
Issued by Chemistry Program Manager Qualtrax Revision 16
Issue Date: 03-March-2023 Page 192 of 200

 Fisher
 Mallinckrodt
 Pierce Chemical
 Sigma-Aldrich and its subsidiaries
 VWR

21.4.4.2 Standards used for identification purposes are verified each time an examiner analyzes them 
with case evidence.

21.4.4.2.1 It is the examiner’s responsibility to ensure that the standard being analyzed 
agrees with known published data or that the data is consistent with the unique 
compound represented from both a chemical and data interpretation perspective. 

21.4.4.3 The Section Supervisor, or in their absence the Chemistry Program Manager, will be 
responsible for approving the purchase of a chemical or reagent from a 
manufacturer/vendor/supplier that is not listed above.

21.4.4.4 All standards used for identification purposes will be identified to a unique source to include 
at a minimum the manufacturer and lot number of the material.

21.5 Eppendorf Pipettes

21.5.1 The Section has a number of fixed volume Eppendorf pipettes that are not used for critical measurements 
in analytical work. These pipettes do not require a calibration check of the accuracy and precision of the 
volume that they dispense.

21.5.2 The Eppendorf variable pipettes are used in preparing standards and samples for analysis by Ion 
Chromatography (IC). Any of these solutions or dilutions is meant to only be comparative in nature on a 
semi-quantitative basis.

21.5.2.1 Annually – Eppendorf variable pipettes shall be calibrated by an outside vendor that is 
accredited to ISO/IEC 17025 and whose scope of accreditation covers the calibration 
performed.

21.5.2.2 As Needed – If an Eppendorf variable pipette has been dropped or otherwise damaged, the 
calibration of the pipette will be checked using graduated Rainin Pipette RT tips. Verify the 
pipetting volumes of the pipette as specified in the Pipette Verification Table below. The 
pipette tips are guaranteed to be accurate to ± 3% at the specified reference lines. Should the 
pipette be visibly incorrect according to the reference line, the pipette will be sent to the 
manufacturer for repair.

21.5.2.3 As Needed – Clean and check the sealing system as outlined in the pipette’s instruction 
manual. 

21.5.2.3.1 Once the pipette has been reassembled after cleaning, conduct a calibration 
check using graduated Rainin Pipette RT tips. Verify the pipetting volumes of 
the pipette as specified in the Pipette Verification Table below. The pipette tips 
are guaranteed to be accurate to ± 3% at the specified reference lines. Should the 
pipette be visibly incorrect according to the reference line, the pipette will be 
sent to the manufacturer for repair.
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Pipette Verification Table

Pipette Tip RT-200F Tip RT-200

10-100 10 μL 50 μL 100 μL

100-1000 100 μL 500 μL 1000 μL

200 ul 

100 ul 

50 ul 

10 ul 100 ul 

1000 ul 

500 ul 

RT-200 RT-200F 

21.6 Digital Calipers

Digital calipers shall be calibrated every three (3) years by an outside vendor that is accredited to ISO/IEC 17025 
and whose scope of accreditation covers the calibration performed. Gauge blocks used to check digital caliper 
accuracy shall be re-certified every three (3) years by an ISO/IEC 17025 accredited vendor whose scope of 
accreditation covers the certification performed.

21.6.1 Digital calipers shall be checked prior to use in casework, however, if the caliper has been previously 
checked during the given month, the caliper does not need to be re-checked. Calibration checks are made 
with the following four (4) certified steel standard gauge blocks: 0.050”, 0.500”, 1.000” and 2.000”.

21.6.2 The measured values are recorded on a log sheet which is stored with the digital calipers.

21.6.3 The measured values shall be within:  0.001”.

21.6.4 If the values are outside the appropriate range for a given gauge block, then measure again. If the values 
are still outside the appropriate range, then the digital caliper must be sent to a vendor that is accredited 
to ISO/IEC 17025 and whose scope of accreditation covers the calibration performed for recalibration.

21.6.5 If any digital caliper is dropped or otherwise subjected to extremes of temperature, shock or 
contamination, then the calibration will be checked prior to use in casework measurements.

21.7 Microscopes

21.7.1 All the microscopes used within the Section are cleaned and serviced every two years, and as needed. A 
log documenting cleaning and service is maintained. 
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21.7.2 Lenses are cleaned during use as needed. These include condenser lenses, objective lenses and eyepieces. 
Miscellaneous microscope maintenance comments are recorded as appropriate.

21.7.3 Setting up Köhler illumination is one of the most widely accepted techniques of ensuring that a 
microscope is correctly aligned, that it has high intensity homogenous illumination and that it is focused 
correctly. It should be noted that this does not apply to stereomicroscopes.

21.7.3.1 Depending on a particular microscope and its design, setting up Köhler illumination may be 
possible in full or only in part. Many modern microscopes are fitted with fixed light sources, 
which mean that it is not possible to center or focus the image of the lamp filament like in 
conventional microscopes. Also, many modern microscope designs include one or more 
diffuser filters between the lamp and the condenser. In such cases, even if the microscope is 
fitted with an adjustable lamp, an image of the filament cannot be seen. In these microscopes 
only partial Köhler illumination can be obtained.

21.7.3.2 Köhler illumination is a multi-step process, which should be performed or checked every time 
the microscope is used. Some of the steps should even be checked more often while working.

21.8 pH Meter

21.8.1 The pH meter is calibrated prior to each use using a 3-point calibration method. Refer to the individual 
pH meter’s instrument manual for these procedures.

21.8.1.1 The reference buffers chosen should bracket the expected pH value range of the sample(s) to 
be analyzed, if possible.

21.8.1.2 The electrode slope must be within the range: 92%-102%. While this is the range cited for 2-
point calibrations, it will also be applied here to the 3-point calibration method.

21.8.1.3 Record the pH values on the pH meter calibration log sheet. The pH values must be within  
0.1 units of the pH value stated on each individual reference buffer’s labeling.

21.8.1.4 If the calibration values are within the accepted limits, the pH meter is ready to use for 
samples.

21.8.1.5 If the calibration values are not within the accepted limits, rerun and/or troubleshoot as 
appropriate.

21.8.2 Rinse the electrode with deionized water or the buffer, standard or sample, as appropriate.

21.8.2.1 Inspect the electrode for scratches, cracks or salt crystal deposits prior to each use. Clean or 
replace the electrode in response to the discovery of these deficiencies, as appropriate.

21.8.2.2 Do not wipe the pH electrode glass bulb.

21.8.2.3 Short term storage is defined as being less than one week.

21.8.2.4 For short term storage: Store in an electrode storage bottle containing pH storage solution or 
in a covered bottle of filling solution. Covered glassware containing sufficient storage or 
filling solution to cover the sensing element may be used.

21.8.2.5 For long term storage: Fill the reference chamber with filling solution and cover the fill hole. 
Put a few drops of pH storage solution into an electrode protective cap and cover the sensing 
element and reference junction. Alternatively, store in a covered bottle of filling solution. 
Some models require covering the sensing surface with the protective cap and storing dry.
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21.8.2.6 If the reference chamber dries out during storage, rinse with deionized water several times 
using a plastic pipette. Follow by rinsing several times with filling solution. Refill the 
reference chamber, cover the fill hole, and soak the electrode in storage or filling solution for 
at least one hour.

21.8.2.7 Do NOT store the electrodes in deionized water.

21.8.3 Reference buffers shall be replaced when they expire. 

21.8.3.1 Choose pH buffers that are no more than three pH units or no less than one pH unit apart.

21.8.3.2 Keep the buffer bottle tightly sealed and free of contamination.

21.8.3.3 Do not reuse an aliquot of buffer or return it to the original bottle.

21.8.3.4 Pure water samples (e.g., deionized water blanks) may result in noisy electrode response and 
may require a long stabilization period particularly if used after a buffer with high ionic 
strength. The sample may also be contaminated if adequate rinsing is not performed.

21.8.3.5 Refer to the pH meter instrument manuals for recommendations of good laboratory practices, 
correct applications, problem samples and troubleshooting.

21.9 Refrigerators and Freezers

21.9.1 At least once a week, check and record the temperatures on all refrigerators currently in use for storing 
evidence. If the temperature is outside its acceptable range (as indicated below), document in case file notes 
and immediately notify the Section Supervisor who will remedy this situation

21.9.1.1 For flammable refrigerators storing Fire Debris evidence, the temperature of the refrigerator 
should be 4.5º C or lower. Record the temperatures using the Flammable-Materials Refrigerator 
Log. 

21.9.1.2 For non-flammable refrigerators, the temperature should be between 2-8º C. Record the 
temperatures using the Refrigerator/Freezer Log Sheet.

21.9.1.3 For evidence submitted frozen and that must be stored frozen, the temperature of the freezer 
should be below -10ºC. Record the temperatures using the Refrigerator/Freezer Log Sheet.

21.9.2 The thermometers used for the temperature check will be NIST traceable and their certificates stored 
with the temperature log. Thermometers shall be replaced prior to their calibration due date (typically 
every two years).

21.9.2.1 Refrigerator and/or freezer temperature records will be retained pursuant to the Library of 
Virginia Specific Schedule Number 778-001 (Quality Assurance: Program Accreditation 
100272 series).

21.9.3 Some standards and reagents are labeled with specific storage temperatures and should be stored accordingly. 
Some reference materials and reagents last longer when refrigerated. Because all standards, reagents and 
reference materials are checked with each case, a check of the storage refrigerator/freezer temperature is not 
required.

21.10 Thermometers and Ovens

21.10.1 The temperature of ovens used in passive adsorption-elution fire debris extractions (charcoal strip) will 
be checked prior to use with casework and the value recorded on a log sheet kept with the ovens.
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21.10.1.1 Each oven should have its own external thermometer. The oven temperature should read 65º 
C  2.0o C. If the temperature does not read as specified, then the thermostat will be adjusted 
to obtain the correct temperature. The oven temperature will be re-read and this value 
recorded. If the correct temperature cannot be achieved, the oven will be removed from 
service until it can be repaired.

21.10.1.2 The thermometers used for the temperature check will be NIST traceable and their certificates 
stored with the oven log. Thermometers shall be replaced prior to their calibration due date 
(typically every two years).

21.10.1.3 Documentation shall be maintained with the oven log that associates the serial number of the 
NIST traceable thermometers with the corresponding oven. 

21.10.2 Any maintenance or repair will be documented in a log kept with the oven.

21.10.3 Oven log(s) will be retained pursuant to the Library of Virginia Specific Schedule Number 778-001 
(Quality Assurance: Program Accreditation 100272 series).

21.11 Handheld UV Source

21.11.1 Perform a fluorescence QC check prior to using it for color observations in casework.

21.11.2 To verify proper operation of the UV source, perform the following fluorescence QC procedure:

21.11.2.1 Place a mark on a glass slide using a suitable fluorescent highlighter and record the resulting 
fluorescence in case notes or on an appropriate worksheet. 

21.11.2.2 The prepared slide can be stored out of direct light and can be used for future QC checks. If the 
QC check fails, troubleshoot equipment and repeat the QC check. If the UV source fails to 
produce fluorescence on known fluorescent surfaces, take the UV source out of operation until 
suitable repairs are made. 

21.11.3 For use in glass analyses, see the “Glass” section of this manual.
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22 COMMONLY USED ABBREVIATIONS

The following is a list of abbreviations commonly used by examiners in the Section. This list has been generated to assist 
in the interpretation of case file notes. While as comprehensive as possible, the list may not be complete. The 
abbreviations are appropriate written in either lower or upper case and they are appropriate with or without punctuation 
such as periods. It is the examiner’s responsibility to ensure that there is no confusion in the note-taking when using 
abbreviations. Common symbols may also be used to represent their common context.

  @ at
 or   approximately; equivalent or similar
   change(s); change in; heat
  or  contains; containing; reaction goes to; taken to dryness
   does not equal; not same as
   high 
   very, many, abundant
  “ ” labeling; anything enclosed in quotes is word for word from the package labeling
  or m micron; micrometer (applies to microgram and microliter as well; a lower case u is equivalent) 
 chems microchems (microchemical tests)
 scopic microscopic
 - or  negative
    parallel
    perpendicular
+ or   positive
   low 
   very few, sparse
   therefore; thus
   wavelength
1,2,4-TMB 1,2,4-trimethylbenzene
1PS phase separating filter paper (e.g., Whatman 1PS)
ACA Assistant Commonwealth’s Attorney
AH animal hair
app apparent
ASV auto sampler vial
BC bar code
B/E back end
bf body filler
bld blood
BM best match
BO biaxially oriented
BPB brown paper bag
BSE backscattered electron
BX box
CA Commonwealth’s Attorney
CB call back
c/c clear/colorless
Char characteristic
CLP one plastic container which contained one glass container which contained
C of A or CoA Certificate of Analysis
comp compensator
conc. concentrated
cont. container
conv. bag convenience bag
conv. pkg. convenience package
Cryst crystalline
c.s. or c/s cross section
CSD County Sheriff’s Department
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CSO County Sheriff’s Office
ct can’t tell
D dissolve
DC or (DC) diamond cell
DF decorative flake
dH2O or DI water deionized water
dia. diameter
dil diluted
dk dark
DPA diphenylamine
DMF dimethylformamide
d/t due to
dws deep welled slide
eff. effervescence
EN, ENV envelope
esc escape
ext extract
FA falls apart
F/E front end
FDCS Fire Debris Check Sample
f/n or fn fingernail(s), rtfn, ltfn = right/left fingernails
frag(s) fragment(s)
fx’d fractured
G glass
H+ acid
h horizontal
H/F hairs/fibers
H/F/K hairs/fibers/known
hort. horizontal
h/s heat sealed
I insoluble
i.d. inner diameter
ID identification
J chem. section J chemical
K known
LM left message
LVM left voice mail
lt left or light
m metallic
mag magnification
MC metal can
MCDC microcompression diamond cell
med medium 
MEN manila envelope
ME Medical Examiner
MEO Medical Examiner’s Office
Meth methamphetamine
mic microscopy or microscope
Microchems Microchemical tests
misc. miscellaneous
mm mounting medium
MO monoaxially oriented
morph morphology
m/s microscope slide(s)
MT empty
NCC no color change
NCR no color reaction
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no CS no controlled substances identified
NDF no decorative flake
neg negative
nm nonmetallic
NNA not necessary for analysis
NPF no particles found
NR no reaction
NSR no significant reaction
o.d. outer diameter
OOR out of range (matchpoint out-of-range at given temp.)
o.p. orange peel texture
PCS Polar Check Sample
p primer
PB paper bag
PET polyethylene terephthalate
pet. prod. petroleum product
pkging packaging
pl plastic
PLB plastic bag
poly polyester
pos positive
ppt. precipitate
PR primer residue
Pseudo ephedrine/pseudoephedrine
Q questioned
QNS quantity not sufficient for analysis
rec’d received
RI refractive index
r/o rule out
Rx reaction
RXN reaction
RT + retention times positive for
rt right
S softens
S&S softens and swells
S/ sealed _ (e.g., S/EN is a sealed envelope)
S’s suspect’s
Scope microscope
Sec J section J chemical
sig significant
sl slight
SM solid material
SP smokeless powder
STD standard
sub submission
syn synthetic
To temperature
Tx transferred to
Tab(s) Tablet (s)
telo telogen
tiss tissue
TPS Cl triphenylselenium chloride
TS, t/s tape sealed
v. very
var variable
vert. vertical
V’s victim’s
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VM voice mail
VMX voice mail
VSP Virginia State Police
w/ with
WEN white envelope
w/o without
wk weak
WPB white paper bag
wrt with respect to
x-polars crossed polars
X times (3X or X3 means 3 times)
XT extract
x-section cross-section
YEN yellow envelope
z/l ziplock
zplb ziplock plastic bag
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